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Abstract
Background and Aim: Plaque pH drop after consumption of sugary materials may
dissolve enamel minerals. Casein phosphopeptide amorphous calcium phosphate
(CPP-ACP) is a paste enriched with calcium and phosphate. The new formulation of this
paste, casein phosphopeptide amorphous calcium phosphate fluoride (CPP-ACPF),
contains 900 ppm fluoride. This paste can neutralize the low pH of bacterial plaque. This
study compares the efficacy of CPP-ACP and CPP-ACPF for neutralizing plaque acidity
at different time points.
Materials and Methods: This clinical trial was conducted on 40 students. Plaque pH at
the distal of first molar was measured before and 10 minutes after the consumption of
10% sucrose solution. In the next step, CPP-ACP and CPP-ACPF pastes were applied as
recommended by the manufacturers to the tooth surface. Plaque pH was measured at 30
minutes, 60 minutes and 24, 48, 72 and 96 hours. Data was recorded and analyzed by
repeated measures ANOVA (p<0.05).
Results: Both CPP-ACP and CPP-ACPF increased plaque pH similarly in the first 48
hours. However, the pattern changed from this time point on.
Conclusion: CPP-ACP and CPP-ACPF had similar efficacy for up to 48 hours, but
CPP-ACPF was capable of keeping the pH high by up to 96 hours.
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Introduction
Tooth decay is among the most common infectious
diseases worldwide with bacterial origin [1].
Enamel demineralization starts at a pH of B5.5 and
superficial enamel carious lesions are visible at a
pH of 4 or 5 [1]. Thus, dental plaque pH
assessment can indicate the risk of dental caries
[2].
Many studies have investigated the positive effects
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of fluoride and calcium and phosphorous ions on
enamel remineralization [3-6]. Jensen et al.
evaluated the effect of processed cheese on dental
plaque pH and showed that consumption of this
type of cheese prevented plaque pH reduction
following the consumption of sugary foods and
made a shift towards remineralization [7].
Casein phosphopeptide is derived from the milk
protein casein by tryptic digestion.
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Amorphous calcium phosphate provides phosphate
and calciumions in an amorphous soluble form in
comparison to calcium and phosphate ions in the
saliva. This alkaline compound is super-saturated
with phosphate and calcium and thus increases the
plaque pH following application [4]. This
compound was introduced to the dental market in
the form of a crème or paste with the commercial
name of GC Tooth Mousse (GC America, Alsip,
IL). Fluoride can enhance the efficacy of
CPP-ACP. A new formulation of this paste
containing 900 ppm fluoride has been recently
introduced to the market with the commercial
name of MI Paste Plus (GC America, Alsip, IL)
[8].
Caruana et al. evaluated the efficacy of CPP-ACP
paste for buffering the acidity of dental plaque
prior to the consumption of carbohydrates and
reported that the magnitude of plaque pH reduction
following the consumption of sucrose solution was
smaller in the CPP-ACP group compared to the
control group [3]. Based on the literature,
application of CPP-ACP and CPP-ACPF helps
neutralize dental plaque pH [9]. However, no
accurate data is available on the efficacy of these
two pastes for plaque pH neutralization and the
durability of this effect in comparison with one
another.
This study aimed to compare the effects of GC
Tooth Mousse and MI Paste Plus containing
fluoride on plaque pH following sucrose
consumption.

Materials and Methods
This double blind, parallel-design clinical trial was
conducted on male students in Qom city. The study
was approved in the Ethics Committee of Tehran
Islamic Azad University, Faculty of Dentistry and
registered in the Iranian Registry of Clinical Trials
(#IRCT2012113010086N2).
Parents were provided with an information form
explaining the methodology and objectives of the
study in details and a written informed consent was
obtained from them. A total of 40 students in the
age range of 12-14 years and moderate plaque
index (PI) were enrolled. For PI calculation, the
patient chewed a disclosing tablet and number of
surfaces with dental plaque was divided by the
total number of teeth surfaces and multiplied by
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100. Students with moderate PI (minimum of
10%), good oral hygiene and no active caries were
selected using non-random sampling [10]. Active
carious lesion was defined as a cavitated lesion
with soft enamel and dentin on the surface and
white appearance, with microbial plaque, opacity
and a chalky pattern at the gingival margin and
inflammation of the adjacent gingiva [1]. First,
dental plaque pH was measured at the distal
surface of mandibular first molar. The patients
were asked not to brush their teeth or eat for two
hours prior to pH measurement [3]. Ten minutes
after the consumption of 10% sucrose solution,
plaque acidity was measured again at the same
spot. The patients were then divided into two
groups of 20. In group 1, CPP-ACP was applied to
the teeth surfaces according to the manufacturer’s
instructions. The teeth were first dried using sterile
gauze. Next, the paste was applied to the teeth
surfaces for two minutes and the patient was asked
to wet the teeth with saliva for three minutes. After
rinsing, plaque pH was measured and recorded at
30 and 60 minutes and 24, 48, 72 and 96 hours. In
group 2, CPP-ACPF was applied as described
above and plaque pH was measured and recorded
at the mentioned time points (Table 1).
Paste application and measurement of plaque H
were done at the Hygiene Room of the center by a
trained dental student. This study had a double
blind design and both the operator and students
were blinded to the composition and difference of
the two pastes. The pH indicator kit (Dental
SUZHOU GC, China) was used for plaque pH
measurement.
The trend of alterations of plaque acidity following
the consumption of sucrose at the mentioned time
points was evaluated using repeated measures
ANOVA by considering type of paste as the
between subject factor and time of measurement
after the consumption of sucrose as the repeated
factor. The efficacy of the two pastes was
compared using Bonferroni test. Level of
significance was set at 0.05

Results
The mean pH reached 5.7 in all subjects after the
consumption of sucrose solution. Application of
both CPP-ACP and CPP-ACPF gradually
increased the pH. The ascending trend of pH was
Autumn 2014; Vol. 26, No. 4
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Table 1. The mean, standard deviation (SD), and descriptive statistics of plaque pH after the application of pastes

Paste

Before the
consumption of sucrose
solution Mean± SD

10 min after the
consumption of
sucrose

30 min after
the application
of paste

60 min after the
application of
paste

24 h after the
application of
paste

48 h after the
application of
paste

72 h after the
application of
paste

96 h after the
application of paste

CPP-ACP

5.8±1.15

5.72±0.07

5.88±0.17

6.21±0.12

6.38±0.17

6.25±0.14

6.11±0.15

5.87±0.12

CPP-ACPF

6.04±0.14

5.65±0.12

5.95±0.14

6.16±0.15

6.29±0.19

6.34±0.2

6.32±0.17

6.23±0.18

P value

0.632

0.381

0.225

0.17

0.077

0.051

0.000

0.000

Time
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similar in both groups by up to 48 hours and was
not significantly different. In other words, the
effect of the two pastes on increasing the plaque
pH was not significantly different in the first 48
hours. At 48 hours and after that, the two pastes
started to show differences and at 72 hours, a
significant difference was observed in the efficacy
of the two pastes (Table 1). Statistical analysis revealed that the effect of CPP-ACPF lasted longer
than that of CPP-ACP and that the CPP-ACPF
maintained the pH over 6.2 by up to 96 hours
(Diagram 1).
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Time
H: Hour M: Minutes
Diagram 1. Changes of plaque pH before and
after the application of 10% sucrose solution at
the mentioned time points

Discussion
This study was a double blind, parallel-design
clinical trial aiming to compare the effects of CPPACP and CPP-ACPF on dental plaque pH and its
neutralization. The results revealed that both CPPACP and CPP-ACPF significantly increased
plaque pH after the consumption of sucrose
solution. The effects of the two pastes were similar
by up to 48 hours but CPP-ACPF maintained a
high plaque pH by up to 96 hours. It means that
900 ppm fluoride in conjunction with CPP-ACP is
more efficient for neutralization of plaque pH and
has a long-lasting effect.
Tooth decay is due to the effect of plaque pH
changes on the tooth surface [2]. The pH of the
saliva and plaque is measured in many studies to
evaluate its effects on tooth caries. In other words,
plaque pH measurement at different time points
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shows changes in the acidity of dental plaque and
activity of white spot lesions (WSL) over time [2].
The highest drop in pH occurs within the first 10
minutes following the consumption of sucrose
solution [11]. However, one problem of plaque pH
measurement is that patients often brush their teeth
before presenting to dental office [2]. In the current
study, the subjects were asked to refrain from
brushing their teeth or eating prior to the first
plaque pH measurement; and plaque pH was
measured again 10 minutes after the consumption
of sucrose solution.
Plaque PH drop is more severe after the
consumption of sucrose solution in subjects with
active caries and also in plaques containing a
higher percentage of acidogenic bacteria [1,12],
Studies have demonstrated that the highest number
of mutans Streptococci accumulate on the proximal
surfaces of molars and second premolars [12].
Thus, plaque sampling was done at the distal
surface of the first molar tooth.
Kitasako compared the plaque pH over sound
enamel and enamel around a WSL. Plaque pH was
6.7±0.2over the sound enamel and 5.94± 0.17
around the WSL. This difference was statistically
significant. In their study, the mean plaque pH one
hour after the consumption of sucrose solution was
5.88± 0.37 in subjects with at least one carious
lesion. The plaque pH values obtained in our study
were similar to those obtained by Kitasako,
although they used a pH meter for plaque pH
measurement. Saliva and dental plaque pH in
subjects with active caries is usually much lower
than the normalthreshold [6, 13]. Saliva is the first
protective barrier against caries [1]. Despite the
presence of saliva and its buffering capacity,
plaque pH after the consumption of sucrose
solution drops rapidly to a level below the critical
pH threshold. On the other hand, pH returns to its
neutral state around 7 very slowly within 20 to 50
minutes [1]. The higher the number of active caries
and bacterial count in the oral cavity, the
more time is required for plaque pH to return to its
neutral state [1, 14]. Such slow return of plaque
acidity to neutral state is due to the fact that plaque
itself acts as a protective barrier against the
diffusion of saliva [14]. On the other hand, saliva
does not play an equal role in different parts of the
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oral cavity depending on the oral anatomy, path of
secretion of saliva and its flow towards the
pharynx [15].
Another characteristic of the saliva is that it can be
maintained in a supersaturated state with calcium
and phosphate ions in the oral cavity, protecting
the hydroxy apatite crystals and enhancing the
remineralization of enamel. In a physiologic state,
the buffering capacity of the saliva and its content
of ions maintain the pH of oral environment at a
level close to saturation state [14]. However, for
various reasons, this balance may shift towards
demineralization of tooth structure. In the study by
Srinivasan, no remineralization occurred in
demineralized enamel immersed in the saliva
compared to groups that received one time
application of CPP-ACP and CPP-ACPF. It can be
concluded that in many cases, due to the presence
of active caries or mature bacterial plaques [1],
application of remineralizing agents is necessary to
make a shift towards remineralization [16]. Thus,
although saliva has calcium and phosphate ions, it
cannot make a shift towards remineralization by
itself.
Many studies have discussed that CPP-ACP paste
is mixed with the saliva, pellicle and dental plaque
following its application and acts as a calcium
reservoir with remineralizing potential [3, 17].
This paste stabilizes calcium and phosphate ions
on the tooth surface. Deposition of active, soluble
derivatives
onto
the
WSL
enhances
remineralization. Also, it has been demonstrated
that CPP-ACP buffers dental plaque acidity and is
capable of gradually changing its composition.
On the other hand, deposition and accumulation of
CPP-ACP in dental plaque neutralizes its acidic pH
and makes a shift towards remineralization [2, 9].
Remineralization and demineralization are
dynamic processes depending on the calcium and
phosphate content of the tooth surface. On the
other hand, pH at the time of remineralization and
demineralization depends on the concentration of
calcium and phosphate ions in the saliva and dental
plaque. When enamel surface pH drops, plaque
loses its saturation and demineralization occurs.
When
pH
increases,
plaque
becomes
super-saturated with ions and these ions are
absorbed into the enamel [4]. The critical pH is
below 5.5for enamel demineralization and below
Autumn 2014; Vol. 26, No. 4
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6.2 for demineralization of dentin and root surface
[1, 18].
Thus, changes in plaque acidity due to the
application of CPP-ACPF can prevent caries in
dentin and root surfaces. On the other hand,
fluoride is necessary for treatment of WSL and
prevention of caries and has a synergistic effect
with many anticaries compounds and methods [1].
As described earlier, calcium and phosphorous
ions must be available to enhance remineralization
and in order for the fluorapatite and
fluorohydroxyapatite crystals to form in presence
of calcium, phosphorous and flour ions. Some
researchers believe that fluoride deposition in
dental plaque depends on the presence of calcium
ions [19]. In a study by Ogata et al,
remineralization depth was measured and compared following the application of CPP-ACP alone,
in conjunction with different concentrations of fluoride and fluoride alone using micrography and it
was observed that remineralization in presence of
CPP-ACP in conjunction with fluoride was more
favorable compared to their separate application.
Thus, CPP-ACP provides a buffering effect and
fluoride promotes remineralization [20].
Despite various investigations on the effect of
CPP-ACP on tooth structure, the exact duration of
the effect of CPP-ACP and CPP-ACPF on pH and
the durability of the enamel remineralizing
potential of these materials have not been
mentioned in articles or even in the manufacturers’
instructions. Thus, GC Tooth Mousse must be used
at least every 48 hours and MI Paste Plus twice a
week. On the other hand, due to ethical
considerations, we did not have a control group to
clinically assess the trend of increase in plaque pH
following the consumption of sucrose solution with
no intervenetion and only in presence of saliva.

Conclusion
Within the limitations of this study, it may be concluded that application of CPP-ACP and CPPACPF can make a shift towards remineralization
for up to 48 and 96 hours, respectively.

References
1. Heymann H O, Swift Jr, Ritter AV. Sturdevant’s
art and science of operative dentistry. 6th ed.
Canada: Elsevier; 2012, 48-60,70.

282

Downloaded from jidai.ir at 4:15 +0430 on Saturday June 19th 2021

Heshmat et. al

Effects of Casein Phosphopeptide amorphous Calcium Phosphate …

2. Kitasako Y, Cochrane NJ, Khairul M, Shida K,
Adams GG, Burrow MF, Reynolds EC, Tagami J.
The clinical application of surface pH
measurements to longitudinally assess white spot
enamel lesions. J Dent. 2010 Jul; 38(7):584-90.
3. Caruana PC, Mulaify SA, Moazzez R, Bartlett
D. The effect of casein and calcium containing
paste on plaque pH following a subsequent
carbohydrate challenge. J Dent. 2009 Jul; 37(7):
522-6.
4. Winston AE, Bhaskar SN. Caries prevention in
the 21st century. J Am Dent Assoc. 1998 Nov; 129
(11):1579-87.
5. Featherstone JD. The science and practice of
caries prevention. J Am Dent Assoc. 2000 Jul; 131
(7):887-99.
6. Fejerskov O, Kidd E.Dental caries the disease
and its clinical management. 2th ed. Oxford, UK:
Blackwell; 2008, 182-3.
7. Jensen ME, Wefel JS. Effects of processed
cheese on human plaque pH and demineralization
and remineralization. Am J Dent. 1990 Oct; 3(5):
217-23.
8. Heshmat H, Banava S, Mohammadi E,
Kharazifard MJ, Mojtahedzadeh F. The effect of
recommending a CPP-ACPF product on salivary
and plaque pH levels in orthodontic patients: A
randomized cross-over clinical trial. Acta Odontol
Scand. 2014 Nov; 72(8):903-7.
9. Borges BC, de Souza Borges J, de Araujo LS,
Machado CT, Dos Santos AJ, de Assunçao
Pinheiro
IV.
Update
on
nonsurgical,
ultraconservative approaches to treat effectively
non-cavitated caries lesions in permanent teeth.
Eur J Dent. 2011 Apr;5(2):229-36.
10. Newman M, Henry H. Takei H, Perry R.
Klokkevold P, Carranza A. Carranza’s clinical
periodontology. 10thed; St. Louis:, Saunders.
2006,50:783.
11. Koparal E, Eronat C, Eronat N. In vivo

283

assessment of dental plaque pH changes in
children after ingestion of snack foods. ASDC J
Dent Child. 1998 Nov-Dec;65(6):478-83, 438-9.
12. Axelsson Per. Diagnosis and risk prediction
dental caries. 1th ed. Illinoise, USA: Quintessence;
2000, 55-76, 218-224.
13. Kaste LM, Selwitz RH, Oldakowski RJ,
Brunelle JA, Winn DM, Brown LJ. Coronal caries
in the primary and permanent dentition of children
and adolescents 1-17 years of age: United States,
1988-1991. J Dent Res. 1996 Feb;75 Spec No:
631-41.
14. Fejerskov O, Kidd E. Dental caries the disease
and its clinical management. 2th ed. Oxford, UK:
Blackwell; 2008, 196-200.
15. Hay DI. Salivary factors in caries models. Adv
Dent Res. 1995 Nov;9(3):239-43.
16. Srinivasan N, Kavitha M, Loganathan SC.
Comparison of the remineralization potential of
CPP-ACP and CPP-ACP with 900 ppm fluoride on
eroded human enamel: An in situ study. Arch Oral
Biol. 2010 Jul;55(7):541-4.
17. Reynolds EC. Calcium phosphate-based
remineralization systems: Scientific evidence. Aust
Dent J. 2008 Sept; 53(3):268-73.
18. Johansson AK, Lingstrom P, Birkhed D.
Camparison of factore potentially related to the
occurrence of dental erosion in high and lowerosion groups. Eur J Oral Sci. 2002 Jun; 110(3):
204-11.
19. Cochrance NJ, Cai F, Hug NL, Burrow MF,
Reynolds EC. New Approaches to remineralization
of tooth enamel. J Dent Res. 2010 Nov; 89(11):
1187-1197.
20. Ogata K, Warita S, Shimazu K, Kawakami T,
Aoyagi K, Karibe H. Combined effect of paste
containing casein phosphopeptide-amorphous
calcium phosphate and fluoride on enamel lesions:
an in vitro pH-cycling study. Pediatr Dent. 2010
Sept-Oct;32(5):433-8.

Autumn 2014; Vol. 26, No. 4

